Epileptiform activity interferes with proteolytic processing of Reelin required for dentate granule cell positioning.
The extracellular matrix protein Reelin is an essential regulator of neuronal migration and lamination in the developing and mature brain. Lack of Reelin causes severe disturbances in cerebral layering, such as the reeler phenotype and granule cell dispersion in temporal lobe epilepsy. Reelin is synthesized and secreted by Cajal-Retzius cells and GABAergic interneurons, and its function depends on proteolytic cleavage after secretion. The mechanisms regulating these processes are largely unknown. Here, we used rat hippocampal slice cultures to investigate the effect of neuronal activation and hyperexcitation on Reelin synthesis, secretion, and proteolytic processing. We show that enhanced neuronal activity does not modulate Reelin synthesis or secretion. Moreover, we found that intracellular Reelin resides predominantly in the endoplasmic reticulum before it is constitutively secreted via the early secretory pathway. Epileptiform activity, however, impairs the proteolytic processing of Reelin and leads to accumulation of Reelin in the extracellular matrix. We found that both conditions, epileptiform activity and impaired proteolytic cleavage of Reelin, cause granule cell dispersion via inhibition of metalloproteinases. Taken together, our results strongly suggest that secretion of Reelin is activity-independent and that proteolytic processing of Reelin is required for the maintenance of granule cell lamination in the dentate gyrus.